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Fig. 1 Experimental setup for diode laser frequency

stabilization. BPF: band pass filter; BS: beam

splitter
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Fig. 2 Circuit schematic of the diffcrential detector
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Fig. 3 Circuit schematic of the band pass filter
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Fig. 4 Intensity noisc spectrum of the diode laser. 1 is the
noise of diode laser (i. ), 2 is noise spectrum of the
difference of photocurrent ¢, 3 is the clectronic noisc.

The detected photocurrent is 3. 6 mA
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Fig. 6 Upper trace: saturation spectrum of Rb at 780 nm.

Lower tracc: transmission {rom a Fabry-Pcrot

cavity. FSR: [rce spectrum rangce

P 3w 4 32 5t , FF UL I 2 25 5 % 22 40 4% I 48 A

Rl =05 A TR S TN R R W E A K
T, 2 2 O (R PR A D AN S 2Ok, AR
% R 220 R0 T3 20T LA Bt d A By Y5 L
Mg P SR 4R g £ M 1 » I EL T LA RO o] v 223 3 Wit i
TR I A R ] B 40 D A R R A 45 (56 kHz Yy
PHIESFEARZ 30 dB) . ARSI 8 i ik
Y0 AT 2 ot AL A J K e B i SR 2 AT 22 23R
I N 8 s, B — AR N S E O
IR IR ZE 15T - T LU B R 4 45 A B iR 22
fF T BMELZEBE R RERT L Ml — 4
2o R R I TN e B e I P IR Z (R 5, &
EE T 7 A R R Z S BHEER

-401
-601

-801 2

Noisc power/dBm

3

-100

20 40 6.0 8.0 10
Frequency/( X 10" 11z)

Fig. 7 Qutput intensity noise spectrum of the differential
dctector. 1 is the noisc spectrum for only detecting
probe becam, 2 is noisc spectrum for detecting probe
beam and reference beam., 3 is the electronic noise.
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Lower trace: crror signal with reference beam
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Fig. 9 Saturated absorption spectra for Rb D, line hyperfine structure (upper trace) and crror signal (lower trace). (a) ¥ Rb:

551/2 yf": 2"51)3 ) yf"/; (b) 85 Rb 551/2 9}“: 34’51)3/2 9P‘/; (C) 85 Rb 551/2 9P‘: 24’51)3/2 9["/; (d) 87 Rb 551/2 9P‘: 14’51)3/2 9P‘/
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Fig. 10 Saturated absorption spectra for the transition * Rb (F=2—>F") with dilferent polarizations of pump and probe (a)

and ' Rb (F=1—>F" (b)
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A Laser Diode System Stabilized on the Saturated Absorption
Lines of Rubidium Atoms
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Abstract: Frequency of diode laser is stabilized by using saturated absorption spectroscopy.
High signal-to-noise ratio of differential error signal of saturated absorption spectroscopy is
achieved by designing and optimizing the servo loop, thus the sensitivity of frequency locking
and long-term frequency stability are improved. This system may be used to the realization of
laser cooling and trapping of rubidium atoms.

Key words: diode laser; saturated absorption spectroscopy; frequency stabilization; signal-
to-noise ratio



